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The Evaluation of Gelatin and Glue' 
By Robert Herman Bogue2 

MELLON INSTITUTE OF INDUSTRIAL RESEARCH, PITTSBURGH, PEXNSYLVANIA 

A need exists for standardization in gelatin and glue testing. 
'The  discussion of methods in the following paper indicates that 
ihis need arises from the failure of present methods to evaluate the 
material correctly, from lack of standard procedures for measuring 
properties, and from the absence of a scientific method of expressing 
the data whick are obtained. 

The gelatin content of glue or gelatin. and also the joint strength 
of a glue, may be correctly indicated by a melting point determina- 
tion; neither may be assumed to be, in all cases, proportional to 
jelly Consistency or to viscosity at 60" C. The measurement of the 
viscosity of an 18 per cent solution (dry basis) at 35" C. by means 
of the MacMichael viscosimeter has been shown to be especially well 
adapted as an indirect estimation of the differentiation of glues and 
gelatins in the order of their melting points, and is recommended as  
ahe basis for the primary evaluation of these products. Tests of 
jelly consistency and viscosity at 60" C. are of ualue in secondary 
eualuation, in determining the adaptability of a given glue to a given 
seruice. Other special tests are of course of value, but methods 
should be stated and a uniform method of expressing results shouM 
be adopted. 

A system of designating the grade of a product, based on the 
results of this viscosity, is outlined in the paper. 

ERY few substances which are extensively employed in 
the trades and the arts offer so much embarrassment to 
either the layman or the chemist in defining, or specifying, 

or testing their quality or purity as do gelatin and glue. Many 
factors contribute to this situation. Commercial gelatin and 
glue are by no means definite substances, and simple tests for 
puri(y are not available. Tests which are believed by one set 
of individuals or manufacturers to be comprehensive and indica- 
tive of certain fundamental properties are regarded as inade- 
quate or untrustworthy by another set. Moreover the uses for 
which the various gelatins and glues are employed are so diver- 
gent that tests or analyses which may be entirely adequate for 
Some given service would be quite useless as an indication of the 
value of the material for some other service. 

The United States Bureau of Chemistry1* in 1910 accepted 
Fernbach'sz statement that chemical analysis gives little infor- 
mation in regard to the value of a glue except in a few isolated 
and unimportant instances. The tests described by the Bureau 
of Chemistry Bulletin are moisture, ash, reaction, gelatin (nitro- 
gen Y 5 56), water absorption, viscosity( Engler), jelly strength 
(Lipowitz method), and melting point (by Cambon's fusiometer). 
Several of these tests are certainly obsolete. Nitrogen times a 
factor means nothing and is misleading, unless the sample he 
pure unhydrolyzed gelatin, which is almost never the case. 
Water absorption varies with too many incidental factors, and 
has little significance. The Engler viscosity test, the Lipowitz 
jelly strength test, and the Cambon melting point test have largely 
been replaced in most laboratories by more recent methods or 
apparatus. 

PRESENT METHODS 

The procedures in current use for the evaluation of gelatin 
and glue are based primardy upon the jelly consistency a t  low tem- 
peratures or the viscosity a t  high temperatures, and secondarily 

V 

1 Read a t  the Symposium on Gelatin and Glue before the New York 
Section of the American Chemical Society, New York, N. Y., January 6, 
1922. 

2 Industrial Pellp-w of the Mellon Institute of Industrial Research of 
Pittsburgh, and Research Cherp 

* Numbers in the text refer 
rmonr and Co., of Chicago 
ography at  end of paper. 

upon other incidental characteristics which depend upon the 
service for which. they are designed. The Peter Cooper system 
of grading may be taken as typical of American practice. Be- 
cause this system was the earliest recognized attempt a t  glue 
grading in this country, and has been in continuous service since 
its inception in 1844, it is recognized as a kind of American stand- 
ard to which other glues produced by other houses may be re- 
ferred in tgrms that will be at  least partly intelligible to the 
professional glue buyer. The various manufacturing houses use 
symbols, however, expressive of their several grades, which 
are more or less zealously guarded as a kind of relic of alchemic 
mystery, but the consumer is enlightened upon their meaning 
only to the extent of learning that the glue in question is equiv- 
alent in jelly strength, for example, to the Peter Cooper grade 
13/s, or equivalent in viscosity to the Peter Cooper grade 11/4. 
Thus the Peter Cooper system may be looked upon as a standard 
for reference. 

Alexander3 has proposed the substitution of figures varying by 
ten points each for the symbols of Pet& Cooper, and has de- 
fined the jelly strength in ounces and in grams at  10" C. (meas- 
ured by his jelly strength tester) to which the numbers corre- 
spond. The viscosity test (as measured by his instrument) 
is also used by him. 

Table I expresses this system of grading: 

TABLE I-ALGXANDER'S GLUE STANDARDS 
Peter Allowable JELLY STRENGTH 

STAND- Cooper Viscosity Variation I n  0 2 .  In G. 
ARD Grade 30' C. in Viscositv 10' C. l o o  C. 

10 
20 
30 
40 
50 
60 
70 
30 
90 

100 
110 
120 
130 
140 
150 
160 

. . .  . . .  
2 
1 7 i l g  
l S / 4  
16/8 
l'i, 
131s 
l ' f 4  1x 
1 
1 extra 
A extra 

15.5 
16 
16.5 
17 
18 
10 
20 
21 
22 
23 
24 
25 
26 
28 
34 
40 

* 0.25 
f 0.25 
f 0.25 
* 0 . 2 5  
- 0 5  
* 0 . 5  
* 0 , 5  
+ 0 . 5  
* 0.75 * 0 . 7 5  
* 0.75 
= t l  
* a  
f 5  
1 8  
+ 12 

. . .  . . . .  ... . . . .  

... . . .  

Kahrs' in 1898 proposed a rather radical departure from the 
then existing (and still existing) disposition on the part of glue 
manufacturers to grade their product by tests which were in- 
telligible and Saluable to the buyer. He urged the adoption 
of four tests, i. e . ,  adhesion, economic value, cohesion, and 
congealing point. By adhesion he meant the viscosity, which 
was expressed in terms of the weight of dry glue necessary to rfiake 
up 100 unit weights of the liquid material of the proper viscosity 
for application in joint work. This figure Kahrs found to vary 
from 29 to 60. That is, in the highest grade of glue a 29 per cent 
solution, and in the lowest grade a 60 per cent solution, was 
required to give a liquid of the correct consistency a t  about 
60" C. for service in joining work. 

The economic value was obtained by multiplying the adhesion 
value by the price per pound of the glue in question, and repre- 
sented therefore the price of 100 lbs. of the liquid glue ready for 
application. Thus a t  18 cents for the highest and 5.5 cents for 
the lowest grades (Kahrs' figures) the cost per 100 pounds of the 
liquid glue would be 18 X 29 =$5.22 for the highest grade and 
5.5 X 60=$3.30 for the lowest grade. 

The cohesion or strength was measured. by the crushing strength 
of the glue jelly made up a t  the concentration found under ad- 
hesion, and a t  a temperature of 65 o F. (about 18 "C.). The high 
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temperature was used as it more nearly approached the tem- 
perature a t  which the glued joints would be used. This test 
was later substituted in part by an actual joint strength test. 

The congealing point was measured as the temperature a t  
which the glue, made up in the concentration indicated by the 
adhesion test, congealed to a jelly. This was found to vary from 
91 ’ to 75” F. and the interval of 16’ was divided into ten 
“setting grades.” 

The test of the glue was then expressed somewhat as shown in 
Table 11. 

TABLE 11-KAHRS’ GLUG TESTS 
Adhesion Economic 
(Wt. per Value 
100 Lbs. (Price per Cohe- 

Price per Standard 100 Lbs. sion Congeal- 
NIJMEER Lb., Cents Liquid) Liquid) (Strength) ing Point 

29.3 25 91 .7  
15 7 7 . 5  

2942 18 
2924 5 . 5  

There are many interesting points in such a system. The 
table will show that although the first glue costs more than three 
times as much as the second, per pound, yet per unit volume of 
liquid ready to use it costs only six-tenths more. But it is shown 
to be worth more in producing, a t  that dilution, a greater strength, 
and in setting a t  a higher temperature, i. e., more rapidly a t  any 
given temperature. Such a system enables one to see at a glance 
exactly wherein the differences in the glues lie, and to form an 
intelligent basis for judging between them. It a t  least gets 
down to salient and understandable data, which is much more 
than can be said for some systems now in use. 

Thiele6 bases the commercial value of edible gelati? on its 
viscosity (Engler), melting point, and color value. 

opinion as to what test should be regarded as the most funda-  
mental. In Germany the viscosity test proposed by Fels,B 
made by the use of the Engler viscosimeter a t  35” C., seems to 
be in greatest favor. In Italy a combination of viscosity and 
melting point is used.’ In France and England the viscosity 
test and the melting point test by Cambon’s fusiometer are 
employed. In this country the jelly conqistency or strength is 
probably more used than any other test, although the viscosity 
test is in favor in many houses, and the melting point test by va- 
rious methods is used. The quality of the material.and the price 
are primarily rated upon these tests-sometimes a single one, 
and sometimes a combination of two or more. Clayton8 con- 
cludes that the “observations seem to show that while it would 
be rash to form a judgment on glue from a single test, the 
evidences afforded by a number may be irresistible. The ex- 
pert’s surest system appears to be, not to rely on single short- 
cut tests of general quality, but to employ a number of methods 
including any having special bearing on the prospective or 
present uses of the glue, and then to base his conclusions on a 
consideration of all the results together.” And Alexander3 who 
cites the above, adds, “The truth of the matter is that the figures 
havC a partial value, and then only to a glue expert.” That is 
precisely the situation that the chemist should set himself t o  
eradicate. Figures which mean little or nothing should be 
substituted if possible by data which do mean something, and 
which persons other than glue experts may comprehend. 

The secondary basis for glue or gelatin evaluation lies in many 
or few other tests which are employed to determine the appli- 
cability of the material for any special service. For example, 
where the glue is to be used in mechanical spreaders, the tendency 
to foam is undesirable, and the foam test is of value. If the 
glue is to be applied by hand, the foam test is of little or no 
significance. If the glue is for use on paper as a size or on wall 
paper as a binder for the clay filler, grease should not be present 
in large amount, because it would form little droplets, making 
elliptical “eyes” or spots on the paper. In admixture with cer- 
tain dyes the presence of acid or alkali is not permissible as the 
dye would be affected in one way or another. Suitable tests 

PRIMARY AND SECONDARY TEsTs-There is a difference Of 

must accordingly be made upon glues designed for such purposes. 
Gelatin for use in photographic films or in printing rollers must 
have high jelly strength; if used for food or medicinal purposes 
it must be free from harmful impurities; if used in makir‘g 
marshmallows or other emulsions, a high viscosity and foam 
are desirable. Such a list could be greatly extended, and the 
adaptability of any glue or gelatin for its several uses is largely 
determined by such secondary tests. 

The influence which such properties should exert upon the 
selling price of the product should be proportional, however, 
only to the extra cost involved in manufacturing any special- 
ized type of material, and on the laws of supply, and demand. 
If an extra clear glue is required the consumer should be properly 
expected to pay for the extra cost of clarification and filtration, 
and such extra cost should properly be figured on a sliding 
scale, dependent upon the final color and clarity, to be added to 
the cost of the untreated glue of the corresponding grade. For 
the textile trades where precipitation with alum must not occur; 
for veneer glues where foam is very objectionable; and for all 
other trades requiring glues of specific properties, the price 
should similarly be based upon a sliding scale to be applied to 
the market price of the regular corresponding grade. Where no 
extra cost is involved in the production of a specified glue, 
the sliding scale may apply according to the usual dictum supply 
and demand, but i t  would seem most expeditious to base all such 
variations upon a standard primary evaluation. 

DIVERSITY OF CURRENT TESTS 

The very large number of tests that have been used or pro- 
posed for carrying out the desired or required measurements 
makes it impossible a t  this time properly to discuss each and 
bring out the several merits and disadvantages attendant upon 
their use. In  order, however, that some conception may be had 
of the extent and diversity of the proposed methods, a brief com- 
pendium may not be out of place. 

For the measurement of jelly consistency, the finger .test,@ 
made by pressing the fingers on the jelly and comparing the 
firmness with that of a standard jelly under identical conditions, 
is still highly regarded by some testers. Of the early instruments 
proposed, the one designed by LipowitzlO in 1861 is still much used. 
The test consists in adding shot to a funnel, placed over a piston 
resting on a jelly, until the piston is forced nearly t o  the bottom 
of the glass, and the result expressed in terms of the weight of 
shot plus the weight of the apparatus. Kisslingll noted the 
time taken by rods of different metals to sink through the jelly. 
Valenta12 used a modified form of the Lipowitz instrument. 
ScottlS forced a rod, terminating in a conical metallic head, into 
a jelly placed on a spring balance, and measured the deflection of 
the pointer a t  the moment the surface of the jelly was broken. 
Alexanders forced a cylindrical brass cup down upon a block of 
jelly, in the form of a truncated cone which had been removed 
from its container, by the addition of lead shot to the cup, uiltil 
a certain outward expansion was reached, which point was in- 
dicated by the closing of an electric circuit causing a bell to ring. 
The weight of the shot and cup indicated the strength or the jelly. 
Sindall and Baconl4 poured mercury into a glass bulb, placed 
upon the abraded surface of a jelly, until the bulb was forced to 
a half inch from the bottom, and then weighed the mercury. 
The Forest Products Laboratory’s a t  Madison, Wisconsin, has 
adopted an instrument by which a weighted conical brass head 
is allowed to rest upon a jelly. By means of scale marked upon 
a frame in which the plunger slides, the depression of the plunger 
may be read off in millimeters. E. ,S. Smith16 measured the 
hydrostatic pressure necessary to force a rubber diaphragm 
downward into a jelly a specified amount. Hulbert17 has sug- 
gested a modification of this instrument. Low1@ has reported 
very satisfactory results From the use of Smith’s original instru- 
ment, and regards it as more suitable for general glue work than 
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the modification of Hulbert. C. R. Smith’s causes a truncated 
cone of jelly to solidify in a funnel and then applies reduced 
pressure to the under surface and measures the depression of 
the upper surface. Sheppard and his collaboratorsz0 have de- 
veloped an instrument by which the torsional stress of a cylinder 
of jelly is obtained, as well as the actual breaking load. He 
employs the formula 

Breaking load X per cent twist 
Cross-section area 

as the true measure of the jelly strength. This is the only truly 
scientific method that has yet been proposed. OakesZ1 has de- 
scribed the Schweizer jelly testing apparatus, which consists of 
a balance, in one pan of which is placed an empty beaker, and 
to  the bottom of which is soldered a blunt plunger. These are 
counterpoised so that the pointers rest a t  zero. The jelly in a 
tumbler is brought into contact with the plunger, and water is 
allowed to run into the beaker until the pointer has reached an 
arbitrarily fixed deflection. ’ 

In viscosity measurements the situation is about the same. 
The Say bolt, Engler, and Redwood instruments have all been 
used. Pipet types of various designs have been describedz2 and 
one or another of these seems in general to be most widely used. 
Cope23 applied a centrifugal force to the liquid while emerging 
through a capillary. C. R. Smith24 and Faust26 have applied 
the “bubble method” by noting the time taken for a bubble of 
air of standard size to rise a given distance through the liquid. 
Stokes’ falling sphere method has been applied recently by Shep- 
pard,26 Gibson and Jacobs,27 and Fischer.28 Flowers29 has added 
the rolling sphere method to  the list. Doolittleaa described an 
instrument of the torsional type, an oscillating cylinder being SUS- 
pended in the liquid. Garretts’ has used a very similar device. 
The Couette instrument,s2 somewhat similar except that the 
cup containing the liquid is very slowly rotated, has been used 
by Hatschekaa for exact studies on the viscosity of emulsoids The 
Stormer viscosimeter has been employed by Rogers and Sabin,34 
Rigg and Carpenter,Ss and Higgins and Pitman.36 The Mac- 
Michael instrument, described by Ma~Michael,~’ Herschel,s8 and 
Hayes and Lewis,38 has been employed with siiccess upon animal 
glues by Bogue40 and upon casein glues by Zoller.”’ 

Many methods have likewise been Suggested for the melting- 
point determination. Chercheffski42 measured the temperature 
at which small cubes of jelly became soft enough to lose their 
cohesion. Kissling48 noted the temperature at which the surface 
of a jelly in a test tube placed horizontally became inclined. 
W i n k e l b l e ~ h ~ ~  shook a glue solution in cold water until the mate- 
rial had reached a consistency such that the thermometer placed 
vertically therein remained stationary. Kiittner and U l r i ~ h ~ ~  
describe the use of Cambon’s fusiometer which consists of a me- 
tallic bowl of given dimensions and weight. A glue is allowed 
to gel therein, a rod being held in a vertical position in the solu- 
tion. The whole is then placed in a beaker of warm water, sus- 
pended by the rod, and the temperature a t  which the bowl drops 
from the rod taken as the melting point. Her0ld4~ allowed a 
thermometer to  become congealed in a test tube of glue, and 
noted the temperature at which the tube fell away from the 
thermometer when suspended in water. Samrnett4’ noted the 
order of melting of various samples of glue when the water-swol- 
len granules were placed on an inclined copper strip dipping in 
warm water. Clark and DuBois48 determined the minimum 
concentration of a gelatin which would remain firm when, after 
making into a jelly below 10” C., the material was brought 
up to the temperature of 10’. C. R. determined the 
temperature a t  which a gelatin solution maintained a stipulated 
degree of viscosity, as obtained by the“bubb1e”method. Bogue40 
has found the viscosity at 32’ to 35’ C. to differentiate glues cor- 
rectly according to their melting points. Sheppard and Sweet60 
have determined the temperature at which bubbles of air under 
a definite low pressure cease to flow through a gelatin sol. 

Many other kinds of tests have also been suggested. The 
adhesive strength test has been used by Khars,51 Gi11,62 Rudeloff,ss 
the Forest Products Laboratory,64 and 0thers.~5 The tensile 
strength has been employed by Setherberg,@ and Hopp.8’ 
Optical rotation has been applied to glue testing by C. R. Smith.lD 
The swelling capacity and rate of setting are occasionally men- 
tioned as criteria for glue value.68 

Several proposals have likewise been made for evaluating 
glues and gelatins by chemical means. S te l l i r~g~~ precipitates 
the gelatin with alcohol and determines the percentage of “non- 
glues” by evaporating aliquot portions of the filtrate. Pre- 
cipitation of the gelatin by tannin has been used by a number of 
early investigators, Jeanno used an excess of tannin and de- 
termined the excess with iodine. The value of his glues was then 
proportional to the amount of tannin required for precipitation. 
Modifications of this procedure were used by Gantter,61 
Halla,Ba and TrunkeLe4 The picric acid precipitation was 
applied by Berrar.66 Fahrion68 estimated the water ash, un- 
saponifiable matter, fatty acids, and oxyacids, and by subtrac- 
tion From 100 obtained “proteid substance.” Mavrojannisa7 
proposed the use of formaldehyde to  separate protein and pro- 
teose from the more completely hydrolyzed peptones and amino 
acids. Greifenhagen, Konig, and ScholP recommend the use 
of mercuric chloride and zinc sulfate. The former they claim 
throws down only proteoses, while the latter precipitates both 
protein and proteose. By difference the protein is calculated. 
Trotman and H a c k f ~ r d ~ ~  separated the “albumoses,” which 
included both protein and proteose, by saturating the solution 
with zinc sulfate. Bogue’O has thrown down the protein with 
half-saturated magnesium sulfate and the protein and proteose 
together with the saturated salt. 

This description of methods is sufficiently comprehensive to 
enable one to appreciate more clearly just what is signified by 
the statement that there is no standard procedure for the testing 
of glues and gelatins. In the absence of such a standard method, 
the diversity of tests used, as shown above, makes hopeless 
any attempt a t  an intelligent understanding of the complete 
significance of glue grades. 

a E  SCIEX’I’IFIC BASIS OF EVALUATION 
Recent researches upon gelatin have brought to  light many 

;elationships that should be incorporated into the scheme of 
primary evaluation. From the point of view of the chemist, 
gelatin is a chemical compound, a pure protein, and glue is a 
mixture of gelatin with the products of gelatin hydrolysis, 
sometimes referred to  as 0-gelatin, and other impurities in vary- 
ing amounts. Commercial gelatin and glue should, therefore, 
from the standpoint of chemical constitutiod be primarily eval- 
uated in terms of the proportion of pure unhydrolyzed gelatin 
which is contained in the material. From the point of view of 
the major glue trade, i. e., the use of glue as an adhesive, glue 
should be evaluated in terms of the strength of the joint, pro- 
duced under the most favorable conditions, which may be made 
with the material. Fortunately these two points of view- 
that of the chemist and that of the joiner-have been shown to 
be identical. The glue with the largest amount of unhydrolyzed 
gelatin produces the strongest j0int.~0 

In the primary evaluation of the material, therefore, one or 
the other of these two properties should be measured, or else 
some variable which has been found by repeated and exhaustive 
tests to be directly dependent upon these properties, and to  
express them correctly. The direct determination of either the 
gelatin content or the joint strength is difficult and impracticable 
for routine control. So the alternative procedure must be 
adopted. Extensive tests have been made in the author’s70 
laboratory upon the relations which the jelly strength, the 
viscosity, and the melting point bear both to  gelatin content 
and to joint strength, and the data obtained show clearly that 
if the viscosity be held constant the gelatin content and joint 



438 THE JOURNAL OF INDUSTRIAL 

strength will vary as the jelly consistency, while if the latter 
be held constant these properties will vary as the viscosity. 
But the jelly consistency and the viscosity are also shown to 
bear the same relation to the melting point, while the latter ap- 
pears to define with precision the gelatin content and the joint 
strength. Any method, therefore, which accurately estimates 
the melting point or differentiates the glues in the same order as 
would result from the melting point test should be a satisfactory 
basis for evaluation. In most glues and gelatins the viscosity 
and the jelly consistency are perfectly parallel functions, and a 
given jelly consistency will imply a definite viscosity, or vice versa, 
but there are many exceptions to this generality-so many in fact 
that were we to use either the jelly consistency or the viscosity 
alone as a basis of evaluation, a large number of glues would be in- 
correctly graded. For example, a given glue of 11/4 grade (Peter 
Cooper) and 22 viscosity (Alexander) may show a joining strength 
of, say, 2000 lbs. per sq. in. The same grade with a viscosity of 
23 may show perhaps 2200 lbs. Or a grade of l 3 / ~  and a vis- 
cosity of 22 may show 1800lbs. Obviously, if evaluation were 
correctly based upon jelly consistency, the first two examples 
should show the same strength, and if based upon viscosity (at 
60" to 80" C.) ,  the first and third examples should be identica!. 

The melting point appears to be controlled by both the jelly 
consistency and the viscosity, and would therefore, in the cases 
cited, be highest in the second, intermediate in the first, and low- 
est in the third, which is also the order of the strength. The 
melting point test seems in fact to be the most readily available 
and practicable test as the basis for glue and gelatin evaluation. 

There are many methods by which the melting point may be 
measured, but most of these are inexact, and on account of the 
time required for the gel and sol forms to come to a true equi- 
librium, procedures intended to measure the precise temperature 
of melting of the jelly, or setting of the sol, are likely to be inac- 
curate. In an attempt to find a more rapid and accurate method 
for measuring this property, Bogue found that by plotting the 
curve of viscosity a t  regularly decreasing temperatures, and 
extrapolating to the temperature where the viscous flow would 
be nil, the figures obtained corresponded remarkably well with 
those obtained by several other methods of melting-point de- 
termination, both direct and indirect. But it was further ob- 
served that the same order of differentiation of the glues was ob- 
tained by merely taking the viscosity readings a t  a low tempera- 
ture (32' to 35' C.). This order was, in most cases, the same as 
the order of viscosity a t  60' C., and the order of jelly consis- 
tency a t  15" C., but in all of those glues in which the viscosity 
was abnormal to the jelly consistency, or, vice versa, the viscos- 
ity at 32' to 35' was found to give a value intermediate 
between those two properties; to correspond with the true 
melting point; and to be precisely indicative of the gelatin content 
and the joint strength of the product, which was not true of 
any other test.* 

The most satisfactory means for making this low temperature 
viscosity test was found to be by the use of the MacMichael vis- 
cosimeter. The advantages attendant upon the uce of this 
instrument were found to be as follows: 

In fact, if the 
glues are ready in a water bath a t  the proper temperature, t the 
viscosity tests may be made a t  the rate of about one per minute. 

2-The instrument is a standard make, obtainable anywhere, 
so that its adoption would eliminate the multitudinous array of 
pipet and other forms of viscosimeter now in use. This would 

* The temperature of 32O to 35O has been shown by C. R. Smith and by 
R. H. Bogue to be especially significant. Smith found this t o  be the tem- 
perature above which the gel form could not exist (LOG. cz t . ) ,  and Bogue 
foJnd i t  to be the temperature above which evidence of plastic flow could 
not be observed ( J  Am. Chem. S O L ,  in print). 

t The glues after being soaked in the proper amount of water (see be- 
low) should be warmed to  60° C., and allowed to cool to 35' before taking 
the viscosity. If they are not thus preliminarily heated the readings will 
be eryatic and unreliable, no matter how tested. 

1-The tests could be made very rapidly. 
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make for the standardization which is so sorely needed in glue 
testing practice. 

3-The instrument is especially well adapted to a rapid con- 
verdon of the readings into the absolute degree of viscosity, the 
centipoise. The calibration of the instrument takes but a 
short time, and a conversion curve, which i.; a perfectly straight 
line, may be plotted, so that the MacMichael degrees may be 
read off in centipoises hy a mere glance at  the curve.$ The 

centipoise unit as a standard for expressing all viscosity measure- 
ments cannot be too strongly urged. The value would be en- 
tirely independent of the size of torsion wire used, or the speed of 
rotation of the cup, and expresses almost exactly the specific 
viscosity of the material, water taken as unity, a t  20 O C. 

4-Under the conditions a t  which the instrument would be 
used in glue testing, the errors, which are of considerable magni- 
tude with many types of viscosimeter, e. g., the development of 
turbulent flow, the increasing loss in head during the measure- 

t: The conversion curve of the instrument employed by the writer, 
with the use of wire number E and a t  a speed of 69 revolutions per minute, is 
shown in the accompanying figure. Castor ail was used a t  the advice of 
the Bnreau of Standards, as the calibrating liquid, the absolute viscosity 
of which a t  varying temperatures is given in the U. S. Bureau of Standards 
Tech. Paper 112 (1919), 24. For the convenience of the reader, a part  of 
the data there presented is given herewith: 

ABSOLUTE VISCOSITY O F  CAsTOR OIL 
Temperature Viscosity in Centipoises 

1162 5 
986 
834 
706 
604 
521 
451 
394 
340 
294 
258 
231 
60.5 
16.9 

Each instrument with any given wire and speed must be separately cali- 
brated, but since the curve is a straight line, only three or four different 
temperature readings are required. By using wire No. 27 and adjusting to  
a speed of about 56.5 r. p. m , the absolute viscosity in centipoises could be 
read directly. 
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ment, inconstant and faulty drainage, the change of temperature 
. during measurement, the abnormal values obtained when in- 

soluble material, such as zinc oxide, is present, etc., are almost 
entirely eliminated. The straight line nature of the conversion 
curve also makes for greater accuracy in computing the abso- 
lute viscosity from the instrument reading, and by a proper 
adjustment of the wire and the speed of rotation the absolute 
viscosity in centipoises may be read directly. 

A RATIONAL SYSTEM OF EVALUATION 
Our discussion has shown, therefore, that the gelatin content 

of a glue or gelatin, and also the joint strength of a glue, may be 
correctly indicated by a melting-point determination, while 
neither may be correctly assumed to be, in all cases, propor- 
tional to either the jelly consistency or the viscosity a t  60" C .  
alone. Inasmuch as the primary evaluation of the material 
should be based upon some fundamental and scientifically se- 
lected property or properties, it  seems that gelatin content and 
joint strength should be chosen. It is especially happy that these 
two properties are parallel. Since the melting point has been 
shown to indicate the gelatin content and the joint strength, 
it seems that this determination, either directly or indirectly 
made, should be selected as a measure of the fundamental con- 
stitution and properties of the material. The measurement of 
the viscoszty of a 20 per cent solulzon at 32 O to 35" C. by means of 
the MacMichael viscosimeter has been shown to be especially 
well adapted as an indirect estimation af the differentiation of 
glues and gelatins in the order of their melting points. 

Different grades of glues and gelatins normally vary in water 
content from about 10 to 17 per cent, the higher grades retain- 
ing the larger amount of water. Or" even greater importance 
in evaluation is the ability of any given sample of any grade to 
take up or lose water according to  the humidity and tempera- 
ture of storage. Glues have been found to vary in water con- 
tent from 9 to  18 per cent from this cause alone. 

It is obvious, therefore, that a 20-g. sample may contain 
between 16.4 and 18.2 g. of dry glue, and since this is made, for 
the viscosity test, to  100 g. with water, the percentage of dry 
glue used in the tests will vary between 16.4 and 18.2 per cent. 
This is sufficient to modify very seriously the viscosity or any 
other test made which varies with the concentration. In order 
to eliminate this uncertain variable it is necessary to make a 
moisture determination before weighing up the samples for 
further tests, and it is suggested that the amount of glue to be 
used for the viscosity test be stipulated as the equivalent of 18 g. 
of dry glue made up to 100 g. with water. The temperature of 
38" is probably preferable to 32" as there is less change in vis- 
cosity with time a t  the higher value. 

If this test be accepted for the above-stated purpose, it fol- 
lows that the tests for jelly consistency and for viscosity a t  60' 
C. are no longer of service for primary evaluation, and may be 
safely discarded as such. They may, however, be of great value 
in secondary evaluation, i'. e., in determining the adaptability 
of a given glue to a given service. For example, the jelly con- 
sistency would he of value in selecting glues for printers' rollers, 
and the rapidity of setting of the jelly as well as the viscosity a t  
working temperatures would be desirahle data for the wood- 
working industry. 

Another test which recent investigation has shown to be of 
considerable importance in determining the properties of a glue 
or gelatin is the H-ion concentration.71 If the pH value is 4 7 
the viscosity, swelling, etc., are low, and the product nearly in- 
soluble. On either side of this point these properties increase 
very considerably, attaining their maximum on the acid side a t  
pH =3.5, and on the alkaline side at pH =9.0. At greater acidity 
than pH=3.5 or a t  greater alkalinity than pH=9.0 these prop- 
erties again decrease. The pH value indicates therefore not 
only the reaction of the material, and the degree of acidity or 
alkalinity, but also t$e proximity of the substance to the points 
of maximum or minimum properties. The measurement may 

be made by either electrometric or colorimetric means.12 One 
per cent solutions are best used in either case, and the results 
expressed in terms of pH to the nearest tenth. 

The methods that may be employed for the estimation of the 
secondary properties should likewise receive attention that the 
results may be expressed in uniform terms. The jel ly consistency 
test is perhaps most conveniently made by the use of the in- 
strument described by the Forest Products Laboratory16 and 
expressed in millimeters 'of depression, although for some more 
exacting requirements, as in the selection of gelatin for photo- 
graphic purposes, the more elaborate and scientific method of 
Sheppard26 may be used to advantage. The viscosity a t  working 
temperatures, 60" C., may be made with the MacMichael 
viscosimeter upon an 18 per cent solution (dry basis) and the 
results expressed either in centipoises, or, following the sugges- 
tion of Kahrs, in pounds of dry glue which, when made up to a 
weight of 100 lbs. with water, will produce a solution of a given 
standard viscosity a t  60" C. as, for example, 600 centipoises. 
The f oam test may be made upon the same solution in a stand- 
ard glass, by means of an egg beater turned a t  a stated velocity 
of about four revolutions per second for 30 sec., and measured 
after 10 sec., as millimeters of foam. The grease test may usually 
be made with sufficient satisfaction by making a streak of the 
glue, to which a dye such as turkey red has been added, on a sheet 
of paper. Better sti!l, the glue may be mixed with the calcimine 
or color base with which it is intended to be used, and streaks 
made on paper. The appearance may be specified according to 
the information desired. The form of the product as flake, 
sheet, ribbon, foil, or ground, should be noted. If the glues 
have been treated to produce a clear light product, the degree of 
clarity and color should be indicated. This may usually he done 
with sufficient satisfaction by such terms as light, clear, medium, 
amber, etc., or by numerical designations as NO. 1, No. 2, etc. 
Exact color data are best obtained by the elaborate instrument 
of the Eastman Kodak Company. If the glue is colored, or 
crazed, or presents any particular property, it  should be mentioned. 
The odor should be noted in the warm solution, and a strong or 
sour odor should not develop, in good glues, within 48 hrs., a t  
30" to 40" C. 

In some cases special tests will be required, as for ash, 
precipitation with a luminium salts, etc.; in the case of gelatin 
for edible purposes copper, zinc, arsenic, and sulfur dioxide may 
be determined, and in some cases qualitative tests for @e- 
servatives are necessary. These are made in accordance with the 
customary scheme for the examination of foods, as set forth 
in the official publications of the Association of Official Agricul- 
tural Chemists,ja and need not be repeated here. 

For the purpose of fixing an abstract valuation, or for the 
estimation of tariff duties on imports, the primary evaluation 
only need be made. 

DIFFERENTIATION BETWEEN EDIBLE GELATIN AND GLUE 

The methods in common use for distinguishing between 
edible gelatin and glue are based upon a few tests that are ad- 
mittedly inadequate. The material is examined for copper, 
zinc, and arsenic, the maximum permissible in edible gelatin 
being 30, 100, and 1 4  p. p. m., respectively. The total ash is 
determined, the assumption being that a glue is usually higher 
in ash than.a pure gelatin. The jelly consistency is noted, it 
being assumed that a glue will show much lower values for this 
property than gelatin. And the general appearance, color, and 
odor are noted, only reasonably clear and perfectly sweet gelatin 
being passed favorably. Sulfur dioxide is sometimes determined, 
but its presence is permitted in reasonable amounts. A bacte- 
riological examination might be of value as an additional test, 
but many instances have been met where a gelatin gave off an 
offensive odor, but was found to be practically sterile. In  such 
cases the decomposition had obviously taken place at some 
stage in the manufacture, but had subqequently been stopped, 
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probably by the addition of a germicide. A periodical inspec- 
tion of the care and sanitation exercised in the several steps of 
manufacture and in the selection of the stock used would prob- 
ably be more valuable as a basis for passing upon gelatin than 
any chemical or other tests upon the product that could be made. 
Provided, however, that a gelatin passed the requirements as an 
edible product, then its evaluation as a gelatin should be de- 
termined primarily, as in the case of glues, upon its content of 
the unhydrolyzed protein, or, which hLs been shown to be the 
same, upon the melting point or viscosity a t  35” C. 

DESIGNATION OF GRADE 

The grade designation of the product, as ascertained by the 
primary evaluation, may conveniently be expressed by consec- 
utive numbers, 1 being the lowest, following the name or initial 
letter of the type of product. Thus hide glues may be designated 
as Hide Glue No. I, Hide Glue No. 2, or HI, Hz, and so on up to 
perhaps Hla, and bone glues as Bone Glue No. 1 or BI, to Bone 
Glue No 15 or Bla. If the primary evaluation is measured, as 
suggested, by a determination of the viscosity in centipoises of 
an 18 per cent solution (dry basis) a t  35’ C., HI or BI will cor- 
respond to a viscosity of less than 20 centipoises, and, HIS or BIS 
to above 150 centipoises. The arrangement might well be along 
the lines shown in Table 111. 

TABLE 

DESIGNATION 
Hi or BI 
Hn or Bt 
Ha or Ba 
H4 or Rb 
Hs br Bs 
He or Be 
H7 orB7 
Ha or Ba 
HI or Ba 
Hio or Bie 
Hi1 or Bii 
Hia or Bia 
Hia or Bia 
Hi4 or Bl4 
Hi6 or Bis 

Etc. 

111-DESIGNATION OB GRADE 
Viscosity of 18 Per cent Solution (Dry 

a t  35O C., in Centipoises 
Below 20 
20 to 29 
30 to 39 
40 to 49 
50 to  59 
60 to  69 
70 to 79 
80 to 89 
90 to  99 

100 to  109 
110 to  119 
120 to  129 
130 to 139 
140 to  149 
150 to  159 

Basis) 

Obviously the highest grades would be attained only by the 
very pure gelatins, while only the material that was exceedingly 
poor would reach the lowest designation. Both classes of glues, 
i. e., the hide and bone types, would be rated upon the same stand- 
ard, but the initial letter or name would serve the desirable pur- 
pose of differentiating between the type of stock used. Edible 
gelatins could be referred to, if desired, as Glt, G14, etc., but the 
numerical designations should always refer to a standard vis- 
cosity or other value fixed as the primary standard for evaluation. 

The laboratory test sheet would appear about as indicated 
in Table IV. 

ADVANTAGES OF PROPOSED SYSTEM 

The advantages of such a system, or of any other that secures 
a real standardization based upon fundamental and scientific 
principles, are strikingly apparent. Where the jelly con- 
sistency is taken as the basis of determining grade, a set of “stand- 
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ard” glues must be maintained, and in the course of a few years 
these standard types, through occasional renewal, must inevi- 
tably alter. Furthermore, the curves for the jelly consistency 
of various glues at varying temperatures are not parallel, but a 
glue that is weaker than the standard a t  10” may be the stronger 
at 15”. There is surely no good reason why the tests should 
be made a t  one temperature in preference to any other, but the 
decision upon this very arbitrary point determines the rating 
which a glue may receive by the current methods. 

Mention has already been made of the diversity of instruments 
used in making the viscosity test, and the impossibility, without 
profound instrumental corrections, of expressing the readings ob- 
tained in terms of absolute viscosity, or any other kind of vis- 
cosity that will be intelligible to a person using any other in- 
strument. 

And most important of all, the figures obtained by the jelly 
strength and the high-temperature viscosity methods do not 
give data which are invariably expressive of any fundamental 
property. 

The 
primary evaluation involves the use of no arbitrarily selected 
“standard” glues, but gives results that are in themselves com- 
plete without reference to any other hypothetical product. 
The use of a standard instrument which readily permits the em- 
ployment of absolute degrees enables the readings to be under- 
stood universally, and the data obtained are indicative of funda- 
mental properties of the material. 

The grade designated is simple and very easily understood. 
The letter referring directly to the type of stock, and the number 
to the absolute viscosity, reduces to the vanishing point any mys- 
tery connected with glue grades, and enables the layman to  
define a glue with nearly the same degree of intelligence as may 
be exercised by the expert. 

’ 

These objections the proposed changes seek to remedy. 
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TABLE IV-GLUE AND GELATIN TEST SHEET DATE - LOT 
r- -PHYSICAL TESTS--- . --- CHEMICAL TESTS---- 

Viscosity Jelly 
in Centi- Consistency Foam 

Mm. De- Mm. poises at 
35O C. pPH,,l pression 18 l o o  C. Per 18 

DESIGNATION Per cent cent 18 Per cent cent 
No, Grade Soh .  Soln. Soh. S o h  Grease Appearance Odor cent cent P.p.m.  P.p.m. P. p . m .  cent gests 

Sulfur Mois- 
ture Ash Cop- Dioxide  REMARK^ 
Per Per per Zinc Arsenic Per S ecial 

... . . . . . . .  ........ . . . . . .  . . . . . . . . . . . . . . . .  72 5.7 4 . 2  14 .... Dark, flake Sweet 12.7 . . . . . . .  
46 6.9 8.1 28 . . . .  Brown, flake Sour 11.0 

17 4.9 Liquid 8 Present Crazed, flake Strong 10.4 . .  
... 49440 H7 

50214 H4 
46621 Bc 90 3.7 4.1 

46602 Bt 
80441 Cia 130 6.8 2 .1  10 Absent Light, ground Sweet 16,2 1 
50266 B7 78 5.4 13 
70222 Gis 156 7.1 1.2 , .  Ab&& Ambe;,ground Sweet 17.3 3 

. . . . . . .  . .  .... No, 1 Sheet Sweet 14.2 . . . . . .  ... No. ppt. with 
alum . . .  . . .  ........ 

i o  20 0.0 . . .  . . . . . . . . . . . . . . .  ... White flake Sweet 12.2 8 10 220 7 .027 Technical 
only 
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